Introduction
Late B and early A-type supergiants (hereafter-SGs) are visually luminous stars in our galaxy and other galaxies. Therefore, they are suitable candidates for further study. BA-SGs have been previously studied by many authors.
The comprehensive study of Groth (1961) was the first study reporting the temperature and chemical abundances of α Cyg. Aydin (1972) presented the microturbulent velocities of some elements and gave atmospheric parameters of α Cyg. Further studies of SGs located in the Milky Way and the Magellanic Clouds were conducted by Przybylski (1968 Przybylski ( , 1971 Przybylski ( , 1972 and Wolf (1972 Wolf ( , 1973 . Wolf (1971) , Lambert & Hinkle (1988) and Lobel et al. (1992) studied the optical region of η Leo using LTE methods and calculated the elemental abundances.
More recently, the chemical abundances of over twenty Galactic A-type SGs were calculated using progressed model atmospheres by Venn (1995a,b) and Aufdenberg et al. (2002) .
Subsequently, Przybilla et al. (2006) used very detailed nLTE line formation calculations to determine atmospheric parameters and elemental abundances (see also Przybilla et al. 2000 Przybilla et al. , 2001a A-type SGs, beyond the Local Group Galaxies such as those located in NGC 3621 and NGC 300 were also presented (Bresolin et al., 2001 (Bresolin et al., , 2002 . Further, the possibility of the quantitative analysis of supergiants in Virgo cluster using the present generation of telescopes and new model atmospheres were firstly reported by Kudritzki et al. (1995) and Kudritzki (1998) .
Spectral analysis of a prototype, A-type SG, α Cyg was performed by Albayrak (2000) in LTE. Aufdenberg et al. (2002) obtained the fundamental parameters and the mass loss rate of α Cyg using PHOENIX, which computes line blanketed, nLTE atmospheric structures and synthetic spectra with Recently, Przybilla et al. (2010) reported CNO abundances of more than ten BA-type SGs in our Galaxy. Additionaly, the spectral atlas of O9-A1.5-type
SGs (Chentsov& Sarkisyan, 2007) and Deneb (Albayrak et al., 2003) has been published recently.
The chemical analysis of late B and early A-type SGs are important in many respects, which are discussed below:
Their spectra are clear and exhibit a wide variety of chemical species including light elements (H, B, CNO), alpha elements (Mg, Si, S, Ca), iron-group elements (Sc, Ti, Cr, Mn, Fe, Ni) and s-process elements (Sr, Zr, Ba) (Przybilla, 2002; Przybilla et al., 2006; Venn et al., 1998) . Because the absorption lines of both α process and iron group elements are present in their spectra, A-type SGs are important for the determination of reliable [α/Fe] ratios (see. Venn et al. 2003 ).
Another reason is that they are the visually brightest stars in our galaxy and other galaxies. This characteristic makes them potential candidates for use in determining distances using their wind momentum -luminosity relation (hereafter WLR) (Puls et al., 1996; Kudritzki et al., 1999) and fluxweighted gravity-luminosity relation (hereafter FGLR) (Kudritzki et al., 2003; Kudritzki & Przybilla , 2003) .
Notably, Weiss (2008) declared that "The results of nucleosynthesis in stars depend both on the conditions inside the star (temperature, density and chemical composition) and on the nuclear reaction rates. The accurate determination of elemental abundances therefore helps us to determine the interior stellar conditions, and properties of nuclei that are otherwise inaccessible." The elemental abundances of He, C, N, and O (C/N and N/O ratios) constitute an opportunity to test models of non-rotating (e.g. Schaller et al. 1992) , as well as rotating and non-rotating models with mass loss (Ekström et al. 2012 ).
The main goal of this study is to present the elemental abundances of σ Cyg and η Leo in LTE approximation. The suitability of, ATLAS9 model atmospheres for low luminosity SGs was shown by Przybilla (2002) and mentioned
by Kaufer et al. (2004) .
σ Cyg and η Leo
σ Cyg (HD202850, HIP 105102, SAO 71155) is a member of the Cyg OB4 association (Humpreys, 1978) . The galactic latitude and longitude of σ Cyg are l = 84.1943 and b = -06.8723 respectively. It is classified as B9 Iab (Morgan et al., 1953) .
η Leo (HD 87737, HIP 49583, SAO 98955 ) is an MK Standard and classified as A0 Ib (Morgan & Roman, 1950) . It is one of the brightest stars in the southern sky in the visual region of the spectrum. η Leo is also a field star (Blaha & Humpreys, 1989) with the galactic coordinates l= 219.5301 b = +50.7501. The photometric variability of η Leo was determined to be 0. m 06
by Adelman & Albayrak (2001) . The magnetic field of η Leo was given by Bychkov et al. (2003) as 102.5 ± 59 Gauss. The UV spectrum of η Leo was analysed by Kondo et al. (1976) , Lamers et al. (1978) and Praderie et al. (1980) .
The mass loss rate was calculated by Kondo et al. (1976) from the resonance lines of Mg II lines and by Barlow & Cohen (1977) from the infrared excess as 3 × 10 −10 M ⊙ yr −1 and 4.7 × 10 −8 M ⊙ yr −1 , respectively.
The effective temperature (T eff ), surface gravity (logg in cgs.), microturbulence (ξ) and macroturbulent velocity (ζ) of σ Cyg and η Leo which have been previously determined by many authors are summarised in Table 1 with the methods they used. 
The Spectra
The spectra of σ Cyg (17 spectrograms) and η Leo (17 spectrograms) were obtained at DAO (Dominion Astrophysical Observatory) by Dr. Saul J. Adelman. The wavelength coverages of the spectra are approximately λλ 3830-5210 and, λλ 5580-6740 for σ Cyg and λλ 3800-6680 and, 6610-6740 for η Leo. The reciprocal line dispersions of the spectra are 2.4Å mm −1 for, λ < 6500Å and 4.8Å mm −1 for, λ > 6500Å, for the SITe-2 and SITe-4 detectors, respectively.
Pixel-to-pixel resolution is 0.072Å, and the corresponding resolving power at 4500Å is R = 62500 . The signal-to-noise ratios (S/N) of the spectra are approximately 200-300. The spectra were rectified using the interactive graphical program REDUCE (Hill & Fisher, 1986) and line measurements were made using the graphical interface program VLINE (Hill & Fisher, 1986) . The scattered light was corrected with CCDSPEC (Gulliver & Hill, 2002) .
The projected rotational velocities of σ Cyg and η Leo were determined from medium-strength lines to be 22.5 km s −1 and 8.5 km s −1 , respectively. These values were used in VLINE as preliminary values for vsini during measurements of the equivalent widths (EW) of spectral lines. (Moore, 1945) was the main source of line identifications. Other sources used included Pettersson (1983) for S II, Huldt et al. (1982) for Ti II, Iglesias et al. (1988) for V II, Kiess (1953) for Cr I, Kiess (1951) for Cr II, Catalan et al. (1964) for Mn I, Iglesias & Velasco (1964) for Mn II, Nave et al. (1994) for Fe I, Dworetsky (1971) and Johansson (1978) for Fe II, Varshni (1979) for Fe III, Nilsson et al. (1991) for Y II, and Meggers, Corliss & Scribner (1975) for singly ionised rare earth species. Previous studies of these types of stars were also used in the line identification (see Albayrak et al. 2003; Gulliver et al. 2004; Yüce 2005; Chentsov& Sarkisyan 2007) . Both the identified stellar lines and the calculated abundances in the spectra are given in Table 4 .
A Multiplet Table of Astrophysical Interest
After heliocentric corrections for target stars, the radial velocities (hereafter -RV) were derived by comparing the stellar and laboratory wavelengths. The mean RV of σ Cyg was found to be -7.25±7.57 km s −1 with amplitude of 24.28 However, this case is not valid for η Leo due to the obtained RV amplitude.
Values given in the literature for the radial velocity of Leo include, 2.6±0.7 km s −1 (van Hoof et al., 1963) , 1.6±3.1 km s −1 (Abt , 1970 ) and 1.4±0.4 km s −1 (Gontcharov , 2006) . Therefore, the result implies that there is no evidence for the binarity of η Leo as mentioned by Blazit et al. (1977) .
Stellar Parameters
The wings of Balmer lines are sensitive to both the effective temperature and gravity. The predicted synthetic profiles of H γ and H β are reproduced using SYNTHE (Kurucz & Avrett, 1981) and matched with observations for several temperature-gravity pairs (Figure 1 ,2) until a consistent fit is found. In this study, ATLAS9 (Kurucz 1995; Sbordone et al. 2004 ) is used assuming hydrostatic equilibrium, plane parallel geometry and LTE (local thermodynamic equilibrium) with solar metallicity [Fe/H = 0.0] and 4 km s −1 microturbulent velocity. ATLAS9 models also include a very detailed line blanketing and important opacity sources (Kurucz, 1993) .
Another locus of temperature-gravity parameter pairs can be determined using ionisation equilibria in which equal abundances are derived from any consecutive ionic state. In this study, the ionisation equilibria are calculated for neutral and singly ionised species such as; Mg I/II, Al I/II and Fe I/II. In the case of σ Cyg, the abundance differences between the consecutive ionisation of Mg I/II, Al I/II, Fe I/II and Fe II/III are found to be of 0.11, 0.02, 0.12 and 0.01 dex, respectively.
Theoretical fits to the wings of Balmer lines and LTE ionisation equilibrium loci give the effective temperature T ef f = 10388 ± 197 K and surface gravity log g = 1.80 ± 0.14 dex for σ Cyg using the Kiel diagram (see Figure 3) . T ef f = 9600 ± 150 K and log g = 2.00 ± 0.15 are used for η Leo (Przybilla et al., 2006) . Moreover, the C I/II, N I/II, Mg I/II, Ca I/II, Cr I/II and Fe I/II/III ionisation equilibria are satisfied for η Leo, see Table 2 .
The angular diameter of σ Cyg was given as 0.80, 0.26 and 0.53 mas (miliarcsec) by Hertzsprung (1922) , Morgan et al. (1953) and Wesselink (1969) , respectively. The adopted value of the angular diameter is 0.44 mas to generate the spectral energy distribution (SED). The observed SED of σ Cyg is derived by using low resolution IUE spectra (LWR 11614, SWP 15099),
as well as the spectrophotometric data of Kharitonov et al. (1988) , and the photometric data of Johnson (Reed, 2003; Johnson et al., 1966) , Strömgren (Hauck & Mermilliod, 1998) and log g = 1.80 are consistent with the SED (see Figure 2 ).
Abundance Analysis

The results of the present study
Helium abundances were calculated using SYNSPEC (Hubeny et al., 1994) and the metal abundances were derived using WIDTH9 (Kurucz, 1993) . The metal line damping constants were taken from Kurucz & Bell (1995) . However, the blended lines were neglected during the abundances analysis. The microturbulent velocity of σ Cyg was determined from only the Fe II lines and the Figure 3 : The adopted value of T ef f -log g using Balmer line-wing and ionisation equilibria for σ Cyg microturbulent velocity of η Leo was ascertained using the Fe II lines and Cr II lines.
The microturbulent velocity was determined by finding the value at which the correlation between the derived abundances and the equivalent widths (ξ 1 ) was minimised and the minimum scatter about the mean abundance (ξ 2 ) was obtained (Blackwell et al., 1982) . The microturbulent velocity of σ Cyg was found to be approximately 3.5 km s −1 and that of η Leo was calculated from Fe II and Cr II lines as 3.45 and 3.55 km s −1 , respectively. Therefore, it can be seen that the mean value of microturbulent velocity was approximately 3.5 km s −1 for both stars (see Table 2 ). These derived microturbulent velocities were then used to calculate the elemental abundances.
The rotational velocities (vsini) and macroturbulent (ζ) velocities of σ Cyg were determined from intermediate lines between λλ 4500-4540 by finding the best fit between the theoretical and observed spectra using SYNTHE (Kurucz & Avrett, 1981) , and are 27 ± 5 and 24 ± 2 km s −1 , respectively.
Those of η Leo are 2 ± 2 and 14.5 ± 1.5 km s −1 , respectively. The helium abundance of σ Cyg and η Leo were determined by Dr. Adelman using the program SYNSPEC (Hubeny et al., 1994) . Table 3 presents the He/H ratios which were determined to be (0.14 ± 0.01 for σ Cyg and 0.14 ± 0.02 for η Leo). To calculate the log N /H from log N/N(total) an offset of 0.06 was used for both σ Cyg and η Leo. Figure 4) . Grevesse & Sauval (1996) 
Comparison with previous studies
σ Cyg: The elemental abundance results of σ Cyg are scarce in the literature. The first extensive abundance analysis of σ Cyg was the pioneering study of Ivanova & Lyubimkov (1988) . Although, Ivanova & Lyubimkov (1988) used different temperature and surface gravity values, the abundance pattern determined in that study was similar to that of the present study, except that Fe is abundant and the abundance of Ti is solar. Helium is abundant in their study. Table 6 with atmospheric parameters used and the number of lines. The measured EW, the gf values used and the sources can be found in Table A .8. Takeda & Takada-Hidai (1995 , 2000 also provide an analysis of the elemental abundances of σ Cyg partially in nLTE. Helium tends to be solar in their study, whereas Helium is abundant in the present study. They used the atmospheric parameters of Ivanova & Lyubimkov (1988) in their study. Markova & Puls (2008) also calculated the helium abundance as solar. In their study, Si was to be overabundant by 0.4 dex, as calculated using the Si II and Si III lines. Therefore, they identified σ Cyg as a silicon star. Finally, Przybilla et al. (2010) 's reports helium is 0.38 by mass fraction and that CNO exhibits a similar to that presented in this paper.
It is given in
The main advantages of the present analysis are the wide wavelength coverage, the high quality of our spectra and the signal-to-noise ratios. I also emphasise that not only the total number of ions (28) and elements (23), but also a greater number of lines per ion are analysed in the present study. Additionally, this is the first study reporting the heavy element abundances of σ Cyg. However, nLTE effects are not considered in the present study. Table 7 ). The most striking differences between their studies and this one is that, Sc and Ti are deficient.
Because the analysis in this study was limited to nLTE calculations, however, the updated gf value of Pickering et al. (2001 Pickering et al. ( , 2002 to Meynet & Maeder (2003) . However, Przybilla (2002) proposed that the result was caused by the accretion of nuclear processed matter from a redwardsecondary component to the present faint primary and referred to the study of Vanbeveren et al. (1998) . According to the stellar tracks of Ekström et al.
(2012), a second scenario suggests that these stars evolve directly from the main sequence to red giant phase. This evolution was also proposed by Venn Ekström et al. (2012) described a 10M ⊙ scenario with rotation, which also supported blue loops. However, the possibility of binarity can not be ignored as noted by Przybilla (2002) . The blue loops becomes shorten in the tracks of the masses larger than 9M ⊙ as it can be seen in Figure 5 , therefore, it seems that σ Cyg have evolved directly from main-sequence to red-giant phase referring to Ekström et al. (2012) , this scenario was also claimed by Ivanova & Lyubimkov (1988) and its progenitor should be an early-main sequence B star. And, η Leo has already experienced the first-dredge-up and should be on a blue-loop phase due to its helium enrichment and high N/C ratio.
The luminosity and temperature values used for σ Cyg are log L/L ⊙ = 4.72 calculated using the FGLR (Kudritzki et al., 2003) and log T ef f = 4.02 (this study). Using log L/L ⊙ = 4.28 and log T ef f = 3.98 (Przybilla et al., 2006) . 
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